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JPRSt 16*105 

TISSUE MBCHAUISM OE AOAPTATlOil OV ANIMALS TO A REDUGEE 
OXY&SN CONTENT IN THE ENVIHONMEST 

(Following is a translation of an artiola by 

N.» A. Vorahbinskajra., in lavestiya Akadomii 

lJ|j.uk SSSR (News of the Aldadoilay of Soionoes 

USSR) , No. „3, Moscow, 1962 , pp, 430-1 

So fan it Is far from eloar which physiological and 
blochemloal mechanisms provide for the aoollmatlaation of 
animals to hypoxia, in what sequonoe they are inoluded In /: 

the total eomblnation of adaptive reactions of the body in 
response to the prolonged effect of a hypoxlo medium, and 
which phyiilologioal and biochemical changes ln( the body 
should be regarded as an Index of true or complete aoolima- 
tiaation to hypoxia. 

Tlie extensive literature dealing with the effect of 
various forms of hypoxia on the functions of animal organisms 
contains a tremendous number of facts depicting various frag¬ 
ments of the aoolimatlxatloh process, which, however, oannot 
as yet be reduced to a single definitive oonoept of It. 

For the purpose of putting order Into the existing 
extensive material it Is essential first of all to seleot for 
analysis only data pertaining to true aoolimatixatlon of ani¬ 
mals to hypoxia. Following Ye. H. Kreps (1936), we call the 
totality of adaptive physiological and bioohemloal changes 
occurring in response to a prolonged effect of an altered en¬ 
vironment and oreatlng a new physlologloal condition of the 
body whloh is better adapted to the altered existential con¬ 
ditions ''aoolimatization to hypoxia." Not only good survival 
of organisms in the altered medium but, of necessity, also 
their normal multlplloation, with good survival, nozmal devel¬ 
opment, euid maturation of the progeny should also be oonsider- 
ed an index of oomplete aoollmatlsation. 

It would be no exaggeration to state that at the pre¬ 
sent time the role of tissue adaptation to hypoxia during the ^ 

aoClimatixation process has been least clarified. 

Tlae main cause of variegation of the experimental 
data is the extreme variety of. the experimental conditions. 

In the greet majority of studios the oxygon content in the 
meditun was lower than that In whloh true eoollmatizatlon is 
possible. The experience of Ye. M. Kreps’ laboratory showed 
that a slight reduction of the oxygen content in the atmosphere 
of the ohtuuber, below ten percent (at sea level), oan interfere 
with the reproductive function of rats—animala whloh are 
very resistant to hypoxia (Kreps and others, 1936 a). 

In many studies In which changes in the activity of 
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I tissue oxidative systems have been described only the good | 
survival of animals under hypoxic conditions and the devel¬ 
opment of a number of physiological changes in thorn have 
been noted; no study has been made of the multiplication of 
animals and, therefore, there has not been adequate basis 
for assuming the development of true aoclimatiaation in the 
sense in which it is presented here. In a number of studies 
a more or leas significant increase of activity of the main 
coll oxidative systems, determinable under in vitro condi¬ 
tions, has boon established, Z. I, Barbasheva (1952, 1951^) 
described an increase in the activity of brain cytochrome 
oxidase and that of other tissues, a slight increase in the 
oytoohrome C content in the muscles and other changes in the 
tissues of mice and rats trained for hypoxia for. a month, 

. Wore marked changes under conditions of more severe but brief¬ 
er hypoxia were observed by Z< K. Sulimo-Samuyllo (1952), 
Dalachaux and Tissierea (1956), Belaohaux and Berson (19^7), 
Harnischfoger and Opitz (1950) found a considerable increase 
in the content of oytoohrome C in the muscles of rabbits and 
guinea pigs exposed to the effect of hypoxia in different 
forms of experiments. Delaehaux and Tissie.res also found a 
considerable increase in the myoglobin content of the muscles. 
In other works these data have not been confirmed (Kreps and 
others, 1956.a» b, c). Under similar experimental conditions 
which frequently accurately copied those described, the 
authors did not find any inoroase in enzyme activity, essen¬ 
tial changes in the oytoohrome C content of the brain, rauScles 
or other tissues, or in the myoglobin content in the muscles 
of animals trained for hypoxia. 

In the group of works which made a study of changes in 
tissue metabolism occurring under conditions of a known severe 
hypoxia inoompatiblo with acolimatiaation, a distinct reduc¬ 
tion of activity of oxidative enzymes, a roduotlon In the rate 
of turnover of phosphorus-containing compounds were always 
found (Kreps, Smirnov, Chetvorikov, 1954; Shapot and G-romova, 
1954; Doraontovioh, 1953); preliminary training of the animals 
under conditions of moderate hypoxia reduced the magnitudes of 
the changes which followed (Domontovich, 1958)• 

In ijrevious studies of Kreps* laboratory (Kreps and 
others, 1956a, b, c; Kreps, I 956 ; Voytkevich, 1953) the re¬ 
sults of a study of the acclimatization process of animals to 
hypoxia wore presented under conditions of a long (nine years 
now) chronic experiment. In the first works data were pre¬ 
sented on the Condition of oxidative tissue metabolism in the 
first four gensratiens cf rats acclimatized in an atmosphere 
with an oxygen content reduced to 10,5 percent at normal 
pressure. However, at that time, in the fourth generation, 
the multiplication of rats was considerably rotarded; the con¬ 
ditions of the chamber proved to bo too severe,and the hypoxia 
j was incompatible with tho prolonged existence of the animal: 



Fovftr a number of generations. After a sli^t lessening of 
the degree of hypoxia (the oxygen content was raised to 11 
percent} multiplloatiou was restored, and at the present 
time we have 12 generations of rats which have been born, 
bred and have given progeny under conditions of oxygen de¬ 
ficiency. 

In the first works it was shown that the activity of 
the main oollular oxidative enzyme systems did not. undergo 
any appreciable changes in any of the tissues studied. How¬ 
ever, at that time a ohange was found in the properties of 
the oytoohrome system in the brain and cardiac muscle of 
"hypoxic" rats. 

The activity of the oollular oxidative enzyme systems 
was determined under in vitro bonditions at that time*. In 
. this form of experiment it is diffioillt. to select the con¬ 
ditions which recreate the physiological level of tissue 
metabolism oharaoteristic of it in vivo,. Under in vitro con¬ 
ditions the potential activity of 6nz3nae systems determining 
the maximum aapaolty of the system within limits of which the 
physiological variations in its activity were carried out was 
measured* Considerably better suited to investigations of 
this kind is.the form of experiment on the intact, uninjured 
organism with its operating regulatory systems, with a normal 
cell oonoentratlon of all the agents which determine the 
rates of the enzymic reactions. 

In the present work, which in a chronic experiment 
continues the investigation of the acclimatization process of 
animals to hypoxia (Kreps 19 ^ 6 ), the results of a study of 
the rate of turnover,of adendslnetrlphosphorlo aold (ATP) in 
the brain In vivo and the permeability of the hematoencephalic 
barrier in 11 generations Of rats born, bred and reproducing 
in a hypoxlo medium oontaining 10*5-11 percent oxygen are pre¬ 
sented, The oondltlons under which the rats were kept have 
already been described in detail (Kreps and others, 19j56a), 
’.fhite rats were kept in a gas flow chamber, in which for 12 
.hours a day a mixture of air and nitrogen was administered; 
the oarbon dioxide and moisture in the chamber were absorbed 
by soda lime and silica gel. In the present work, for teoh- 
nioal reasons, it was impossible to study all 11 generations 
of rats; the first and second generations were investigated 
and then, from the eighth through the 11th, '^e generations 

between the second and eighth were not studlbd. 

Method 

In this work the method of determining the turnover 
of ATP in the brains of warm-blooded animals \idilch we worked 
out (yerzhbtnskaya, 1957# a, b, 1958) was used. The method 
is based on the utilization of small doses of radioactive 
phosphorus Injected into the animals for very short times, } 
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I flT», tan and 15 minutaa, with the oblifiatory detainnina- ' 
tlan «if the blood content of the brain and the introduction 
ef a ciorreotlTO factor for the radioactivity of cerebral 
bleed* In every experiment four rats were investigated 
(two '''hypexlo" and two control rats)* The animals were in- 
JeotefIL intraperitonsally with Nag®04 labeled for P in e 
quantity of 0«2 mioroourie of miorograms of per 

gram of body weight in a volume of 0.5 00 per rat* After 
fivftf ten and 15 minutes in various experiments and (SO min¬ 
utes Sifter the injection of the labeled phosphate the ani¬ 
mals were frosen in liquid oxygen. At the lest moment be¬ 
fore immersing the animal's head in the liquid oxygen an 
inolsion was made in the neok through the carotid artery, 
and several drops of blood were oolleoted In liquid oxygen* 

* By this method simultaneous fixation of the blood and brain 
was aohieved, which is very important in experiments of short 
dui'eition* The stony-hard brain fas cut . out of the skull and 
ground up by means of liquid oxylren Into a fine powder, the 
bulk of which was transferred to previously weighed flasks 
with h&lf-froaon five-percent triohloracetie acid* In the 
small flaSk containing ten-peroent trichloracetic acid a 
certiairi quantity of froaen blood was taken up, and, finally, 
a aniall quantity of brain powder (25-60 milligrams) was put 
In a weighed flask containing 0*2 percent NaCl solution* The 
portion of tai'ain powder put in the five percent triohloraoe- 
tlc acid was used for the determination of the content and 
racLtodiOtivity of inorganic phosphate of the brain (IP), of 
brain adenosinetrlphosphste (ATP) and brain creatine phos- 
pheite (0P){ the portion.of brain powder put into the hypo¬ 
tonic MaCi solution was used for a determination of the con¬ 
tent of blood in the brain and for introducing a corrective 
factor fof the radioactivity of blood phosphates; and, finally, 
in blood put into the ten-percent triohloracetie acid a deter- 
mlnaition was made of the content and radioactivity of IP and 
ATP of the blood* 

The content of P in fractions of IP and ATP of the 
brain and blood was determined in isobutanol extracts of an 
IP prcolpitate by the Delore method and in isobutanol es- 
tractfii of a merourial precipitate of ATP-ADP after a ten- 
minut(f) hydrolysis of it in 1 N HCl at 100®. Phosphomolyb- 
date wart reduced with SnClg according to the A* V, Kotel' 
nikova method (1957)• Control tests were also performed in 
which the phosphoniolybdate was extracted with isobutanol In 
a reduced form by the Piske and Subbarow method* 

'>,lae radioactivity cf iscbutanol extracts was mo<aSu,iwd 
on a end-type counter and a type B soaler. 

The figures obtained in the experiments contained all 
the neaessary data for calculation of the specific radio¬ 
activity (3H), oerreotod for the radioaotivity of blood 
jjpr«s;e:flt in the brain and in the IP and ATP fractions of the 
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brain. Then, the RSR [relative specific radioactivityi 
the brf'ivK ATP was calculated, which in percentages express¬ 
ed the ratio S R~ATP • The radioactivity of the CP 
fn-brain IP 

fraction of the brain was used for a more oomplete record 
of radioactivity passing from the inorganic phosphata frac¬ 
tion of the brain Into the organic phosphate fraction of the 
brain. Considering tlmt only ADP is the primary acceptor of 
the labeled p32 during the course of Oxidative phosphoryla¬ 
tion and that the radioactivity in CP can occur only as the 
result of interestarificatlon of CP and ATP, wa found it 
mere accurate to refer the entire radioactivity measured in 
fractions of ATP and CP of the brain to the P content in 
ATP alone;' in this way the SH of ATP was oaloulated* which 
includes the entire radioactivity of the labile maoroergio 
adenylic nucleotides of the brain. In a corresponding manner, 
the ftsa of ATP was calculated,which, according to our concept, 
more fully reflects the rate of the oxidative phosphorylation 
process in the brain. 

Tlio ratio SH-IP of brain gave the RSR of IP of the 
SR-IP of blood 

brain and oliaracterizad the percjeability of the hematoenceph¬ 
alic barrier to P« 

The admixture of blood in the brain was determined by 
the benssidlne method, worked out for quantitative determina¬ 
tion of blood hemoglobin by Bing and Baker (I 931 , 1932) and 
adapted by us for a determination of the blood content In the 
tissues. Small portions of the brain powder with O.S percent 
NaCl and portions of blood were weighed on an analytical bal¬ 
ance and diluted with two percent NaCl to IjbOO, shaken vig¬ 
orously, and left in the refrigerator until the next day. In 
the morning the tests were centrifuged (ten minutes at 3000- 
4000 rpra), and the centrifugates were used for further deter¬ 
mination* 

A color calibration scale of blood was made for the 
brain extraats. For this purpose the blood was first diluted, 
with NaOl to 1»2000, lt4000 and 1:8000, and then eaoh dilu¬ 
tion mentioned was again diluted by five times with one of the 
brain extracts. By this method a dilution series of blood was 
obtained of 1:10,000, 1:20,000 and 1:40,000, in which four- 
fifths of the volume was constituted by the brain extract and 
one-fifth of the volume by a salt solution of blood hemoglob¬ 
in. 


Into a number of test-tubes, each containing 0,5 co 
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parallel tests) was poured; two blank teats were performed, 
each oontaining 0,5 cc of benridine reagent, 0,4 oc of brain 
extract and 0,1 oc of 0,2 percent NaCl. The test-tubes were 
carefully shaken, and 0,75 peroont HgOp was added in a quan-, 
tlty of 0,25 00 to each. Color developed in two 
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f hours* changing from a transient blue to a persistent red. 1 
After two hours* 20 peroent-aoetlo aoid was added to all 
the test-tubes . to a final Tolume of 5 ee, mired, and ex¬ 
amined oolorimetrioally after eight minutes on a phote- 
eleotrio PEK-M oolorimeter against a blank test which oon- 
tained a mixture of all the components with the exception of 
HjOs. A calibration curve was oonstruoted as followsi on 
the abscissa axis the extinotion of deoreaslng blood dilu¬ 
tions was plettedt on the ordinate axis, the percentage of 
blood in the brain. The brain samples were treated simul¬ 
taneously with the blood samples and were examined oolori- 
metrically against a corresponding blank test. Oorrespon- 
danoe of the brain color in a dilution of lt400 with the 
color of blood in dilutions., of ItlOtOOO, li20*000 or 1|40*000 
‘ eorresponds to a 1-, 2-, or 4 ^ blood content in the brain. 
The intermediate blood oonoentrations were found from the 
. curve. 

The benzidine reagent was prepared from reorystal- 
lized benzidine aooordlng to the method of the authors. 

Results Of the Experiments 

In Table 1 the arithmetio means and the mean errors 
of the values for the SR and RSR of ATP and IP of the brain 
and the values of the SR of IP of blood in control rats and 
in rats aoolimatizod to hypoxia are shown five and 15 minutes 
after they had been injected with radioactive phosphate. 

By analyzing the first two horizontal columns ih the 
Table,Which contain the data of five-minute experiments for 
control rats and those aoolimatized to hypoxia, we can find 
a distinot, statistioally slgnlfleant increase in the renew¬ 
al rate of brain ATP in the latter. 

The turnover rate of ATP in brain metabolism, oalou- 
lated according to the data of five-minute experiments 
(Vorzhblnskaya, 1957b, 1958), is equal to the following in 
control rats: 60^5 mloromoles of P of ATP per gram of brain 

per hour and, for the aoolimatized rats, 85±9 mloromoles of 
P of ATP. 

The results of 15-mlnute experiments also show the 
considerably greater renewal rate of ATP'*' in the brains of 
acclimatized rats by comparison with the controls. From the 
data of 15-minute experiments it is impossible to oaloulate 
the renewal rate of ATP in the brain metabolism, because dur¬ 
ing this period the labile groups of ATP are recreated twioe 
in control rats and three times in "hypoxic" rats during the 
metabolic process. These conditions are unsuitable for cal¬ 
culating the renewal rat© of ATP in the process of oxidative 
metabolism. However, the fact of the higher renewal* rate of 
I ATP of the brains of aoolimatized rats is also confirmed byl 
[ th e 15-minute exposure periods. _ J 
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Table 1 


A.verage Values for the Turnover Rate of Labtlo P of ATP in 

the Rat Brain 

0,2 Mioroouries of p3^+10 Mlorograms of Were Injected 
per Gram of Body i^oigdt In a Volume of 0»5 oo per Rat, 


."OxtnoaimH, 

^ — ” 

/-^Kl P/I » 
(%) Minri, 
vlf M±m 

/^P 1 MKI P 

. 


oyp*_He% 

n 

/7K0HT0O,fl!i 

5 MHJI. 

^ HO 

I? KpOBH 

■■ 145±7,5 
131+8,2 
S1^2.T- 

4,0 +0,7 .. 

1 15,4 ±3,1'' 
1576,0±16e,0 

27,8±2,1 

■—: — 1 

1,1±P,21 

. 

ifl 

/SVitnoKCH* 

(Jtl 5' MKH. HO 

1 P KpOBH 

158+8,2 
124->9,3 
61±2,8 

4,7 ±0,59 
16,1 ±2,4 
1265,0 ±138,0 

35,4±4,0 

2,l±0,4e 

22 . 

!(^™’ ' 

158 

15,4 „ ±3,1 

37,0±9 


7 

MHH. i*y H4> 

KpOBH 

158 10,8+1,6 

135 22,0+2.0 

56 1620,0ili)4,0 

I 

■ 1,4±0,18 

10 

^rO^IinoKCHR yirVATe* 

''*^1,') VHW. 0*J He 

BpOBW 

.147 

130 

49 

11,9 ±1,2 
24,8 +4,5 
1219,0 579,0 

. .fl3,0±6,l 

1 

2,5±0,5 

22 


Note, *In the control rats the time needed for tho 
turnover of the two terminal groups of labile P of ATP was 
equal to seven minutes. The rate of turnover of the two 
labile P groups of ATP was equal to 60 micromoles of F per 
gram of brain per hour, Zn hypoxio rats the time needed for 
the turnover of the two labile P groups of ATP was equal to 
five minutes. The rate of turnover \vas equal to 85 micromoles 
of P per gran of brain per hour* 1, Exposure times 2, 
Fractionj 3* Mlorograms of P per gram of brain, 4, SR of 

nne microgram of P, pulses per minute, Mltaj 5 . RSHM-ATP, 

Mimi 6* RSR^ of IP, M±mi 7* Control, $ minutes; 8, Hypoxia, 
5 minutes; 9. Control, 10 minutes; 10. Control, I 5 minutes; 

11. Hypoxia, lj5 minutes; 12, ATP*, IP,, P of blood; I 5 . ATP*. 


The ATP content in the brains of "hypoxio" and con¬ 
trol rats, as xs sven xx'Oiii Table, is the same. 

Along with an increase in the turnover rate of ATP in 
the metabolism of brains of rats acclimatized to hypoxia an 
increase is observed also in the rate of penetration of p32 
through the homatoenoephalio barriea In the sixth vertical 1 
column of the Table, which contains the figures for the RSHj - 




IP of tho brainI is ao«n that this figure is higher in rats 
aooiimatiiaed to hypoxia, ^ioh is evidenoo of the greater 
rate of penetration of p3* from the blood into the brains of 
“hypoiie*' rats than in the controls* 'Xhis fact has already 
been described (Smirnov and Chetverikov, 1953)« 

Tho interpretation of this faot offers certain dif¬ 
ficulties . The high figure for the RSR-IP of the brains of 
"hypoxic" rats means that a larger quantity of passed 
from the blood stream into the brain parenchyma per unit 
time in the "hypbxlo" rats than in the controls* This change 
may have been caused-by an increase in the permeability of 
the homatoencophalic barrier or by an increase in the con¬ 
tact surface of brain tissue with the capillary network* 

According to tho data of V. I. Voytkevioh (1938)» 
in several generations of "hypoxic" rats an increase in tho 
amount of blood in the brain was observed by 43-46 percent, 
caused both by a dilatation and a hyperplasia of the oere- 
bral blood vessels* Hence it follows that in the ^’hypoxic" 
rats there is an increase in the surface through which an 
exchange can occur between blood and brain* Kowsvor, there 
is a reason to believe that in the "hypoxic" rats a direct 
increase in the permeability of the hematoencephalic barrier 
is also observed* Thus, in all the "hypoxic" rats which we 
investigated the radlcaotivity of the blood five and 13 min¬ 
utes after the in;}eotion of the same quantity of P^* was 
less than in the oontrola* This was probably caused by the 
greater resorption rate of P by all the body tissues in the 
"hypoxic" rats and, it must be oonsidered, Is evidenoe of a 
general increase in the permeability of barriers in the body, 
particularly, an increase in the permeability of the hemato¬ 
encephalic barrier* 

In addition, getting ahead of ourselves, it may bo 
noted that in the late generations of "hypoxic" rats the 
blood content of the brain remains increased, and the per¬ 
meability of the hematoenoephaliu barrier returns to nomal* 

A comparison of all the facts observed causes us to conclude 
that an increase in the rate of penetration of pJ^ through 
the hematoenoephalio barrier in "hypoxlo" rats is in some 
measure due to an increased permeability.of the barrier. 

As further analysis shows, however, the relationship 
between the rate of oxidative phosphorylation and the rate 
of penetration of through the hematoencephalic barrier is 
very oomplioated. 

In fig* 2 curves are presented which show the statis¬ 
tical distribution of the values of RSR of ATP of brain ac- 
oording to the data of various experiments* The curves were 
oon.struoted in the following way: the entire range of indi¬ 
vidual variations of tho values of RSR-ATP of tho brain was 
divided into different groups* 0-20| 20-40} U0-60j 60-805^ 
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fig* 1« Ohang« in th« Avarag* Flguras for the Speoifio 
Radioaotlvity of IP of Blood of Control and "Hjnpoxio" Rats with 
Tinot Pulaee per Minute por Mlorogram of P» 1* Controls 
2* Hjrpoxlas 3* Minutest 4* Speoifio RadioaotlTlty- of One 
Mlorogram of P in the Blood In Pulses per Minute* 


plotted on the absolsaa azlst the number of experiments per* 
formed for eaoh group was expressed in percentages of the 
total number of experiments and was plotted on the ox^inate 
axis* The bottom ourroi ai, which deplots the statlstioal 
distribution of data for the control rats* has a single peak 
with a maximum In the region of values of RSR-*ATP«20'«40t 
Curve b, which represents the distribution of RSR-ATP of ths 
brain values for all "hjrpoxlo" rats investigated* has a more 
spread-out shape with.a seoond maximum noted* which attests 
to the ooourrenoe of Inhomogenslty in the experimental laater- 
lali of the ooourrenoe of a oertaln number of Individuals 
with a higher rate of oxidative phosphorylation in the brain. 
First* we regarded this curve as an Index of individual in- 
homogenelty of the material* an index of the faot that during 
the process of aoolimatixation to hypoxia various individuals 
Show a greater rate of development of the adaptive changes* 
However* furthsr analysis shows that in the first and second 
generations of “hypoxio" rats (ourvs o) the statlstioal dis¬ 
tribution of the values.for RSR-ATP of the brain oorapletely 
ooinoldes with the oontrols--the curve has a single maximum 
in the region of 20-40 and falls uniformly on both sides. 

In contrast to this* in the eighth to 11th generations of 
'’hypoxic*' rats the curve of statlstioal distribution of the 
values of HSR-ATP la very muoh different from the oontrol— 
the first maximum in the region of 20-40 is reduced* and a 
second maximum is distinetly seen in the 60-30 region* 
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Fig. 2. Curves of Statistical Fig. 3. Curves of Statistical 
Distribution of the Values of Distribution of the Values of 
aSR-ATP of Brains of Control RSR-IP of the Brains of Control 

and "Hypoxic" Rata, a—Con- and "Hypoxio" Rats, a—Con¬ 
trol Rats> b—All the "Hy« trol Rataj b--All the "Hy¬ 

poxic" Rats Investigatedj o— poxio" Rats Inveatigatedj c — 
First and Second Generations First and Second Generations 
of "Hypoxio" Rats}, d--Elghth» of "Hypoxic" Rats; d"-Blghth- 
11th Generations of "Hypoxio" 11th Generations of "Hypoxic" 
Rats. 1. RSH” of ATP {the Rats, Explanations in Text. 

Superscript M Means in the 1, RSR^-ip ’[This is In error, 

Brain; the Superscript K Means the Superscript should be M]j 
in the Blood]; 2. Slghth-llth 2. Elghth-llth Generations; 
Generations; 3. Hypoxia; 3. Hypoxia; 4. First and 

First and iiecond Generations; Second Generations; 5» All 
15, All Generations; 6. Control. Generations; 6, Control. 


We see that the change in the rate of oxidative 
phosphorylation in the brains of "hypoxio" rats is observed 
only in the later generations, eighth-llth in our experiments, 
and is absent from rats which have recently been placed in a 
hypoxio medium. The reaction to hypoxia on the part of cell 
metabolism is elaborated slowly, only over a number of gen¬ 
erations of animals living under conditions of oxygen de- 
fioieney. 

In Fig. 3 curves showing the statistical distribu¬ 
tion of the values of RSR-IP of the brain are presented char- 
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acteriaing the rate of penofcratinn of P through the hemato¬ 
encephalic barriero The entire range of variatiotis in the 
values of RSfi-lP of brain has been divided into dii'ferent 
groups; l*0*~l*Sj hi^^nej.' tixian 

Control rats (curve a) are distributed according: to 
a single-peak curve with a maxlmuin in the region of Rdfi-IP 
values of 0.2-1,0, 

Curvo b, which depicts the statistical distribution 
of values of RdR-lP of the brains of all the acclimatised 
rats invest.lgfitod shows a distinct double-peak character and 
a very much, spread-out form. Again, now with regard to the 
barrier function of the brain, the inhomogoneity of the ex- 
fxjriiviantal materiial was expressed. Fifty percent of tho in¬ 
dividuals studied showed a very high rate of penotration of 
F'dd from tho blood r..i;Av, into the brain (tho second maxii^mm 
in curve b). At the same time, fifty percent of the investi¬ 
gated individuals maintained tho normal ponetratiun rate of 
pJ'i- from the blood into the brain characteristic of the con¬ 
trol rats (the first maximum in curvo L)e 

Anal3''!5i.s shows that all tho changes in the condition 
of pormeability of tJae hema to encephalic barrier witVi regard 
to P, como about in the first and second ^generations■ of 
"hj'poxic" racs. The curx’o of statistical distribution of tho 
values of Ubil-l'F of tho brains of those generations (Fig. 
has t\s'o maxima, sViifted to the right compared with the con¬ 
trol. Tho I'irst, lower maximum occurs in the region of 1.0- 
1,6; the second, tho main maximum, comes about in the region 
of figures above 2,6, Xl>e shift in the direction of an in¬ 
crease in the rate of P-^" penetration through the hemato- 
encephallc barrlor is unusually dastinct. 

In the Qighth-llth gonox'alions of "hypoxic" rats 
(i'ig. .i,d) the statistical distribution of the figures fox' 
RoR-lf of tlio -jrain returns to the control level. Curve d 
has a singJ.e peak, has a maximum in the region of 0.2-1,0 and 
drops to 0 in the same region in w'o.ich the; control curve 
iaiis to 0. Tiro rate of F-'*' pc.xetr.iti on througii the homo to- 
onccpiial:Lc Darrior is normalized in those generations in 
u'hic'ir a. ro.iction has alrea<.l.y boon elaborated to hj'poxia by 
CO 1.1 i.ietaDolism. .. ■ 


As the re.suit ol such an analysis by moans of statis- 
irtca.i. distribution curves of the values of RbH-ATF of tlie 
l-irain and the values of UdR-lP of the brain it \i/as made clear 
i,hi'.t :in tl'iO early generations of rats exposed to the effect 
of a iiyiiuxic mectium (the first and .second, generati.ons in our 
o-tneri ncnt.‘!) tliere is no reaction to hypoxia on the part of 
Ceil I.iii t.ibwlisiii and. thoia la a iiiaikuu .inCfVU&c! in tiio xult) yi 
j-.fi penoLracion through the homatoencephalic barriero lator 
genoratlions of rats, exposed to the effect of oxjpgen defi¬ 
ciency, tho eighth through the 11th. generations, sViow a ro¬ 
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eneephalio barriers observeii during the first period of ao» 
ollmatiaetions is of biologic value, A positive result In 
the series of experiments undertaken would make it possible 
to oensider the increased. perr?'e?>.b 41 ity nf t;}i» hAmatnnnoftphfei•» 
io barrier In the first period of acclimatization an active 
adaptive reaction to hypoxia* 

In the literature it has been fimly estfiblishad 
that the no.rmftl aocorapltshmont of the barrier function in the 
brain is maintained, by the energy of oxidative metabolism. 

Any taore or less marked disturbance of it—anacrobiosis, 
hypoxia* disorder of cytochrome oxidase, restriotion of the 
supply of substrates-«-hypoglyo 6 mia~«all those affects are ae- 
oorapanied by an increase in the permeability of the homato«» 
enoephalio barrier to vital dyes, to and other substances 

(Tsohlrgi, 1952; Hess, 1955; Bakay, 195?5 Verzhbinakaya, 1957» 
I95S). 

In a number of experiments control and "hypoxic” rets 
were injected with substances which increase the permeability 
of the hematoenoephalio barrier to p 32 the same do.S 6 Si 
pituitrin ( 0*1 00 Intraporttoneally), histamine ( 0*5 
groin intravenously) and, finally, simply a large volurae of 
hypotonic saline solution (5 oc of a O.li percent NaCl solu** 
tion Intraperltoneally), Ail these agents produced a consid¬ 
erable increase, by two or throe times, In the ftSR-IP of the 
br^in, which signifies an increased rate of penetration of 
P'’** tiiTough the barrier (Table 2 ), In all experiments of 
this series a oonsidarablo, SO peroant, reduction was observ¬ 
ed in the rate of oxidative phosphorylation in the brain (see 
Tables ! and 2)» 

aeoauso of the inadequacy of our know.ledg© about the 
physiological inechanifim of penetration of substances, partis 
oularly tiirough the barrier between the blood and the 

brain, it is impossible to put trust in the fact that there 
is a reduction in the rate of oxidative phosphorylation 
under these conditions* There is reason to believe that this 
is only an apparent phenomenon. In connection with the prob¬ 
lem being analyzed, it is important to not© only that the 
initial increase in the permeability of the hematoenoephalio 
barrier is not associated with an increased rate of oxidative 


pbospho.rylation, permeability olxanges of the barrier probably 
occur secondarily, as the result of changes in the rat© of 
oxidative metabolism. This gives us the right to express the 
idea that the increased rate of penetration of through 
the hsmatoenceplialic barrier, observed during th© first poriod 
of acollmatization of rats to hj'poxia, should be oon-siderod an 
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risr function occurring as the result of a defici 6 i>cy of the 


energy of oxidative metabolism of the brain during th,ia p©.T‘iod 
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Uharaoterizihg the MecabuXio Kate of labile 
Brains of Rats Whloh Have Been Subjeotod to 
Additional Influences 
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[Table 2 , continued from previous page] 

lo £ji.puaux'u TLiiiO) 3 MiiiLiCctSf Zt Fractionj 3> Microourlas 
of P per Gram of Brain; 4. iR of One Micrograin of P. Pulses 
per Minute, Mim; 3, Percent, Mlm; 6. R3 HK,.-xP 

Percent, Mim; 7« Notes; 8, Control; 9« ATP*, IP, P of 
Blood; 10. Hypoxia; 11, Control; 12, Exposure Time 15 
Minutos; 13, Pituitrin, 0,1 oc por Rat Intraporitoneally: 
l4. Same; 15, Hydration: 5«0 co of 0»2 Percent NaCl per 
Rat Intraperitonoally; l6» Histamine, 0,5 Milligram per 
Rat into the CoAidal Vein. 


Conclusions 

Tho process of acolimatiaation of mairunals to an oxy 
gen deficiency takes place over a long time, over a number 
of gonorations of animals. 

In the first period of aoclimatiaation, ^srhich, ac¬ 
cording to the data of this work, lasted at least for. the 
lifetimes of two genorationa of rats, the survival of the 
animals under conditions of oxygon deficiency is assured by 
the mobilization of different physiological reserves of the 
body* All the reactions of the organism observed during 
this period are directed at maintenance of a normal oxida¬ 
tion in tho brain, the organ which depends most on tho ener¬ 
gy of oxidative metabolism. During this period the condi¬ 
tion of tho organism cannot bo called good. It is at the 
boundary of irreversible changes. Maintenance of tho normal 
oxidation level in the brain and in other vital organs is 
achieved by an increased consumption of oxidative energy by 
tlic body as a whole during this period. A vicious cycle is 
created, capable of loading to a disorder of the energy meta¬ 
bolism of tho body. 

The increased permeability of the hematoencophalic 
barrier and the absonoe of a reaction to hypoxia on the part 
of tho coll metabolism in the brain can servo as one of tho 
indications of tho unfavorable, unbalanced condition of the 
body during the first period of acclimatization. 

The pci'iod when tho tissue reaction to hypoxia 
appears and tho pormoability of the hematooncophalio barrier 
i^oturns to normal should bo called tho "second period of ac¬ 
climatization," the period of true accl.imatlzationo Through 
the material of tho present work this period was found be- 

ij.i 'in'j Mj'j' v/iLt’i'i '* oj'ii oi"' iii lv 

Iiypoxi.c modiuiiio By this j_)eriod the capacity of more effici¬ 
ent and oconomlcul utiliznti.on of tho energy of oxidative 
.iietaboiium is olaborated. The increased rate of oxidative 
pho.'.jpiiory latio.i in t'ao brain tissues probably occurs because 



of a greater conjugation of oxidation with pliospliorylation» 
The increased officiency of oxidative motabolisra contributes 
to the normalization of tho barrier function of tb.o brain. 

The results of tho present invostigation'were ob- 
tained. through a study of tho oxidative phosphorylation in 
the brains of intact, uninjured animals existing normally 
and capable of multiplication. Thera were no disorders 
introduced ay the in vitro exporimont, no destruction of the 
tissue structure, no disorder of nervous or humoral regula¬ 
tion, etc. This incroasea tho reliability of the results 
obtained. 

Finally, it seems important to us to note that 
under experimental conditions throughout the lives of 11 
generations of higher vertebrates a cumulattvo effect was 
found from generation to generation, that is, a hereditarily 
reinforced effect of an altered environment on the condition 
of tho most important process of the energy balanfie--the 
process of oxidative phosphorylation In the brain tissues. 
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